In this work we solved the nonlinear one-dimensional Telegraph equation using lattice-Boltzmann and a d1q3 velocity scheme. Also, using the Tanh and Riccati solitary wave methods, we find several families of solutions. In addition, for two colliding nonlinear solutions they holds the superposition principle.
Introduction
In this paper we deal with the nonlinear telegraph equation (NTEq). The telegraph equation is a very important analytical tool that gives the temporal evolution of voltage and current in electromagnetic systems, and with central role in communication devices, [1] , and in many problems in engineering and science. Important analytical methods have been developed and established, in order to find solutions to nonlinear differential equations. Among them, we apply the tanh method, [2] , which has been extensively used. On the other hand, the technique called, lattice Boltzmann (LB), [3] - [4] has been applied with success in several nonlinear equations as, e.g., Navier-Stokes [5] , Poisson [6] , Lorenz [7] , Korteweg de Vries [8] . This paper is prepared as follows. Section (2) , presents the lattice-Boltzmann model. In section (3), the moments of the particle distribution are defined in order to get the NTEq. Section (4), we obtain the NTEq. In Section (5), we get the equilibrium distribution function. Also, in section (6) we apply the Tanh method, [2] , in order to find solutions to the NTEq. At last, in section (7), we present results and conclusions.
The lattice Boltzmann model
The lattice Boltzmann (LB) equation is, [3] :
Where f i (x, t) is the distribution function, e i is the velocity at position x and time t, and is the time step. The equilibrium distribution is given by f eq i (x, t) and τ is a relaxation time, that accounts the rate to the equilibrium. The term Ω i (x, t) represents the B.G.K., [4] , approximation of the collision term
We expand the distribution function in a Taylor series, up to third order, we obtain:
Doing a perturbative expansion of the distribution function in powers of , we get:
And assuming:
Where the temporal scales are defined as:
And the perturbative expansion of the temporal derivative operator, in powers of , is given by:
The source term ω i , [6] , [7] and [9] in the LB equation, is chosen at second order in 2 , to be at the same temporal scale of the diffusive processes. Then:
Replacing eqs. (2)- (5), (7) and (8), in eq. (1), we get at first, second and third order in , respectively, the next set of equations:
The Moments of the distribution
The moments of the equilibrium distribution are defined as:
Where φ is the field of the Telegraph equation and δ ij is the Kronecker's delta. Also, we assume the higher orders (k ≥ 1), in the equilibrium distribution function as: 
The Telegraph equation
Summing on i in eq. (9)
Using eq. (13) and (15) in eq. (16), we have:
And now summing on i in eq. (10) and multiplying by . Applying eqs. (13), (15), we have:
Summing eqs. (17) and (18)
Using eq. (7) and (12), we obtain:
And using eq. (14), and defining ( λ(τ − 
Equilibrium distribution function
We use a d1q3, [3] , see figure (1), one-dimensional velocity scheme with e α = {0, c, −c}. Then, the one particle equilibrium distribution function is defined as:
The derivative ∂φ ∂t is taken with the backward difference discretization scheme
Solitary wave solutions
The general telegraph equation is:
Using
The derivatives change like:
replacing the derivatives and using n = 2, we have:
Now, we apply the tanh method [2] . Then, we introduce an independent variable:
The derivatives of ξ in terms of Y , are:
The solutions are postulated [2] as:
Now, using eqs. (29) in eq. (27), we get:
We balance of the highest-order linear term with the nonlinear term. So, we have:
Then, eq. (31) is:
Doing some algebra
We get four families of solutions.
If we take n = 3 in eq. (27)
Then, eq. (27) is:
The spatiotemporal Lattice-Boltzmann for φ(x, t) using a d1q3 lattice velocity, for two initial profiles given by eq. (33).
Replacing
Doing some algebra, we find eight families of solutions. [10] .
Also, we apply φ(ξ) to find solutions, [10] 
where F solves, table (1), the Riccati equation, i.e.
here A, C are constants, table (1) . Replacing and taking n = 3 in eq. (27), and doing the algebra, we get, φ(ξ) = a 0 + a 1 F . So:
a 0 9,10,11 = (−1) 2/3 (aa 1 1,2,3 A)
Then, we find fifteen families of solutions. Also, replacing and taking n = 2 in eq. (27), and doing the algebra, we get, φ(ξ) = a 0 + a 1 F + a 2 F 2 . Then:
f 16 → (a 0 1 , a 1 , a 2 ) , f 17 → (a 0 2 , a 1 , a 2 ) , f 18 → (a 0 3 , a 1 , a 2 )
Then, we get 108 solutions using Ricatti method.
Conclusions
This work presents the solution of the one-dimensional nonlinear telegraph equation using the LB, Tanh, Riccati methods. In fig. (2) , we present two initial profiles, that hold the superposition principle of those nonlinear solutions eqs. 
Where i goes from i = 1, ..., 4 and j goes from i = 1, ..., 8.
φ(ξ) j = a 0,l + a 1,l F
Where k goes from i = 1, ..., 90 and l goes from i = 1, ..., 18.
